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ABSTRACT

Photaemissi3n has been studied for nearly 100 years as both a means of in~esti.gating
quantum physics, and as a practical technique for transducing optical/x-ray photons~nto
electrical currents. Numerous x-ray detection schemes, such as streak cameras ●nd x-ray
a~nsitlve diac!ea, exploit this process because of its simplicity, adaptability, and speed.
R?cent ●mphasis on diagnostics for low temperature, high density, ●nd short-lived, plasm?s for
inertial confinement fusian has stimulated interest in x-ray phatoemission in the sub-kilavolt
r.gimo, In this paper, a review of x-ray photoemissisn measurements in the 50 eV to 10 keV
x-ray region 1s given and the exp~rimental techniques are reviewed. A semiempirical madel of
x-ray phataemission is discussed and compared to experimental measurements, Finally, exam?les
of ab!~;lutely calibrated instruments are” shawn,

INTRODiJCTION

subject of this afternoon~s session will focus
Our attentlan on detectars fsr sub-keV x-ray plasre
diagnostics. It is frequently desirable to transfsrm
x-ray emissiar into ●n ●lectrical current far subse-
quent recardiflg mnd the phat7electric effect is a
useful mechan:.sr far transducing electromtgnetje radia-
tian irlto fret: electrons, This pape” is a brief review
cf this pracess as it applies to pulsed plasn? x-ray
detectars,

The phat.oelectric pracess is conceptually siF,ple
as outlined !schematically in Fip, 1, Radiation
lncidcnt on a phatasensitive aurfaee i~teracts bitk the
cathade via phatoelectrir abs3rpti3n or Conpt~n scat-
tering, creating energetir prirary ●nd Aug?r eltctrons,
These ●leetrans traverse the r,strrla] creatlnp law
energy secondary electrans, sape frartjsn af th~
pr:mary and secondary electrsrs sre eritted fr>~ thr
sdrfacc a! the Fk>t>catbM*,

Y/ c)
),

\ Pho!oclltlteoo

Fip, 1, Seh?m#tic of the phatoclectron emisslor,
proc~sa,

This cmissian ~,n● complicatcft funrttun of opaco,
Onergy, and t:m~ choroct~ri~ed by the distribution
N(Ee,Ep,O,$,t), where Ee ig the emitttd eltctroc

@nerCy, Ep is the incident photon $nergy, O in th?

photon anti~ Of incidence from the photocathorte sur-
f~@*. A im *ha ●l=**wAv! ●minm(nn mnnlm ralativa to

the phatacathode surface, ●nd t is tire?. Photo-
electrons are ●xtract~d by en applied elec?ric fi~ld,
L, ●nd can be used directly as the detectar sipnal ar
the phatocathode return current can be measured,

The phataelectric process has three impsrtant
properties which make it useful in law ●nerpy x-ray
pulsed plasms detectors,

1, Sp~ed: The intrinsic s~eed of the pbats-
tlectric emission 1s <10-17s, Trans~art of
?lectrons to the surface takes <10-14s nn$
collection of the ●mitted current can tap~
<10-12 g,

2. Linearity: For mony metallic phstac?thxies
and modest extraction field, the proctcs is
linear to tetter then 1? ever 15 orders af
magnitude in ph~taa intensity,

3! Simplicity: The technlqu~ is ●daptabl? t?
many ●xperimental ~cmetries, is sensitii,e
av~r a Fraad rsnpe of x-ray ●ner@ies, a~d c~r
be tailar?d ta specific ne~ds hv chsicr of
m~terials,

B+C8US@ Of thts~ fe?tures, phato~lectric WiSSjjP
has f:und widespread use in many det~etor systrrs.
This paper reviews the status Sf aur knowl~d$? of ?Pls
process as it a~pli?s to t,h? d?sign, ea]ibratior, and
uae of low ●n@r@y x-r~) diapnastlcs, It starts with ar
hist?:iccl p@rsp?ctiv@ on research lrts this prac?ss
and then smrwizes s made] sf phata?risaion, TP ●

memstll’inp techniques sf eseb tn~jor differential ?l*r-
?rorl distrikuti?n are d?scriberl and ty~icsl ●xperl-
twn~al data is pr~sent?d, ‘lY* lanp terr St@tility af
t>.? photo?l@ctric ●misslsn prsc?ss 1s disrussed pr~ 1!
1$ shwn how th?se ?I?m?nts are ●prll?d in n Fracticn:,
ahs~lut~ly cslihrat~rl, sub-k@V x-ray op?ctrom?t?r
Syst*m,

NIST~RICAL p~RSFF~T]~

Fh3to?lectrlc emission 1s on~ thrtad in th? f~trlr
of mod?rn physics whirh is d?eply wav~n inta tb~
tap?stry of quanttm el~rtrodyncmirs, The pF3t3clectrir
eff?ct has b??n obs?rvw!, sturti?d, nnd utill??d for
nearly 1(10 years with th~ firat dQ8cripti3ns r?parttd
in 1887 ‘!yHertx,(l) Schuottr,(?) cnct Arrtw’’ius,(~~

Owlnt the n@xt 1P years, the baaie prop?rti?s of
photocmisaion w~rc diacov?red:

1, The total etnitt@d curr?nt is linear with ?lPr-
trom~~netic intensity,

2. he hiRh~st ●l~ctron cnerpy incr~anes lin~~~ly
with the txcitin~ photontc en~rgy irrespective
of tht incident lntcnsAty,

3* The emission 10 ●as*nti911y inotentnneoust
It waa reeornnitod that pro~rti?u ? and ~ in tb?

list abov~ nr? incompatihl~ with Ptxwell’s c]nssiral
@lertromo@n@tic thuory and thit contrcdirtian motivpt$r!
ths accond of Albert Finot?lnta thre? a?minal papprs
published in Annal@n dcr mayik in 190S,(4) It was
Qtttitlwt‘(h @ Nsurictie Vjewpaint ranrernin@ th~ Pro-
duction tnd Transformation of LiFht*’ untl ]Dici th?
#rnunduark far romrcaontlnm nhntanm mm lacaiitod



particles with energy and momentum, During the next 2~
years, detailed experimental investigati~ns by
k!illikan(5), Compton(6), and others established the
photon as the particle component of the electromagnetic
wave-particle duality,

As interest in the photoelectric effect fell
behind the frontiers of quantum physics, interest
increased in applying this unique process to a broad
range of applications, Many modern detector systems
such as imlzation chambers, proportional counters,
photamultiplier tubes, photodiodes, x-ray streak a,ld
framing cameras make use of this effect.

PHOTOEMISSION MODELS

Despite near!v 100 years of research, we still do
not have a complete theary of photoelectric emissian as
it applies to practical detector systems, The mech-
anisms that must be accurately modeled include: 1) the
generation of the primary electran either through
ph>taelectric absorption or incoherent scattering, 2)
the transport of primary and Auger electrons ta the
ph~tocathode surface and their energy lass to second-
srjes, ar]d 3) the generation af a detectabl~ si~nel
from these electrons, Of these three steps, th~
secandary generatlan and transport pr>cess is hy far
the least. well-und~rstaod,

‘fhe ph>t>rl interactim is dominated by ph3t3-
●lectric absorption and r?cent thesrctlccl studies by
Pratt, et al,(7) den>nst~ate that goxi rrodels ?f pFsto-
electrlc cross sections ●xist above ten kil>vsl(s,
H>re irnr>rtant, fx a predictive m~del af d?tectw
behavi~r, excellent cmpilatisns sf x-ray cross ser-
ti>ns n,-e ava!latle far all ●l?ments at ph>t>n enerpies
stave 10P eV,(P-11) and far selected ●lwnents at ]mwr
cn?rgies,( 12-l?) Thus, it is p>ssible t> mode! t~r
Frinarj electr>n ~rxlucti~n mechanism quite ecrurntely,

Tt,c prirery e]ectran transpsrt and s~csndary
geflCrOfl>n i3’IdtransF3rt pr>vides a mucl $?pf,ter

c!)nllenge. A ty~ical electr>n distrltut)>r, , rlti/dFQ’
f>r p~,>toeritted ?Iectr>ns is sh>wn in FIp. 2 as -r-
print(>d fr>r Henko. ?t n].(lb~ Th? imc:rtnn? f>nturcs
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Once an accurate medel sr measurement sf the elec-
tron distribution at the surface ~f the ph~tocath~de
has been obtained, the transp~rt of this distribution
through the electron-optical detectar is usually well
understsad. This step establishes the time resp~nse :f
the detect~r system. Far example, the energy width of
the secandary electron distribution establishes the
maximun time resolution in a streak camera system.

.$imi]arly, the riSe time, tr, of a ph~todi~de

detector is given by the flight-time af tile electrons
across an anode-cathode gap spacing, d,(16). Fsr an
anade-cathode gap voltage, V“ tr a d/fi. This func-

tional dependence has been verified and the data is
shwn in Fig. 3, With mcidest accelerating valtapes, -~
kV, and anade-cath>de gap spaclnKs ~f the ~rder ~f
l-mm, it is psssible to build phatadisde detect~r
systems with sub-l(lflps response times.

,J~
10”’ 100
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A quantum efficiency experiment is performed as
shown schematically in Fig, U. A monochr3mati~ ph~ton
beam is incident sn the ph3tccathade, and the incident
flux aljd emitted curren’: are mmitmed t> derive the
quantum efficiency. ‘fho primary beam energy is changed
and the Fhatsn energy dependence is determined.

%pOlluwcOun*/
bmtolm C?lOnbO

m-l
.—- EIA x ,0,

- ,0.,<,

Fi@, k. Quantum efficiency measurements nr~ perfmf-ec!
by cmparinp the eritted pt>taelectron current t> tho
x-ray flux,

“m

Fig, (, Fnrr Fy d?penflonc@ of f(F) for rnrton, Jl, r,,
and gald,



energy 12ss and scattering sf the initial electr3ns
during transpspt thraugh the bulk material. Such
spectra are the subject af phatoelectran spectroscopy
and are a powerful tool in surface analysis. However,
the electron energy distribut~.cm is als~ an important
element in madeling detect:~ time response.

As snown in Fig. 2, the spectrun is primarily a
two cxrponent system consisting af the phots and Auger
electrons and a secmdary electron spectrm peaked at s
few eV with a few eV half-width. With this tYPe of
spectrum, a simple retarding-pttential spectr$meter(’18)
can be used to measure tn~ relative primary and second-
ary c3ntributisns.

In this measurement, a reverse bias is applied to
the phot3cath3de and only electrons above a critical
Vo]t,age can escape and contribute t? the “high energy

yiel,:,” YH ~ . Subtracting the photscathade quantum
. .

ef’flcienc~e~ measured under f~rward and reverse bias
conditloos prnduces the “low energy yield,” YL ~ . me

. .
rati> of the lsw t> hiuh energy electrsn yield for gold
in the 1 to 12
7 as reprinted
inf>rratim is
resp>nse,

keV ph~;on ene;gy ranEe
frmx Gaines, et al.(19)
sufficient fsr msdeling

is-shown in Fig,
This level >f
ph~t~d~~de time

c. Angul~r Distributims, d2N/dOdf
The electron emission pracess is dependent upon

both tbe photan angle of incidence relative ts the
cathoue surface, 0, and on the angle, $, at which the
electrons are emitted relative ts the cathade surface.
These distributi~?q are impsrtant since angle ~f
incidence 1s frequently used ta reduce the incident
x-ray flux by going ta grazing angle sr t~ enhance
electrsn emission.
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FiR. P. Secondary electr>n c!istribu+,ion fr>m g>lc! af
1050C in n 3 x 10-P Tarr vacuum. ‘iWe 13wer curve is
the distribution as measured by th? spectrograph af
Hcnke(’~) and the upper curve has been c~rrected fzr
the instrument response and is the ●lectron distri-
buti~n at the phot~cathxt@ surface, l%e s~lid line is
a fit ts Henkels semiempirical m>del.

l%e standard technique for measring quantur
efficiency vs phot~n incidence angle is reptr!ed ty
Gaines and Hansen, ?n this experiment, a Simr)e
parmeter surh as tstal yield sr primpry t> src~ndary
electr~n ratis 1s msnit~red as a function tf pbst~n
nngl~ af incidenc?, FSr angl?s greater than a feu
deptees, quant.w efficiency decreases as l/sinC ftuc t3
drcreased phstm depssitlan within iIs~csndery •l?ctr~c
escap? depth as reparted by bsth Cnlnes and Pnns@r(?n~
and by Gan@*v and Izrailev(?l),

An ●nhanced “no 1]ss” primnry pnttaeleetrin !Lio!d
is seen fjr rb~t~n inci,lrnce ~n~]es ji]st ap>vp the
critlc~l an+-le f>r t2t81 x-rey reflrcti3n(?P), T?lS
@ff@ct is due ts increased ph~tsn d?p>sitiln witrin o
primnry phtt>ol?ctr~n PSCnpe df.r.tb,~f the ?attxlc
aurfnco wh~n the phot?ns are refract~d n?nrly par~llcl
ta the ph~t.acnth)de surface, ~iS Fff?rt will decr~nse
the time respsnsr :~f a phjt3dixie detect>r due tt 8

e]?ctr~n diatriblJt13n(iu) hwe indicated Ch@t ct?rt~ln
alkali hnlld?a, iadicl?s, and aemicsndrutms ●nhibit
enhanced 6@candary e]ectrsn emiasijn undtr x-ray
exeitati>n, A compnris~n af Ca] dnt,a with Au iB ahowrl
in Fig. 9, CNer maat ar the ●nergy ranpe fr3m 1 t3 1P
keV. Cal ahawa an ●nhaned nhat~mmimn!sn hv n rmrt~p -r



70. lhis allows significant latitude in designing--
systems with greate; low flux sensitivity.
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FiF,. 9, A cmparison ~f quanf.m, efficiency f?r geld
and cesium i3dide pk,~t~cath~des.

7Yis effect f>r dielectrics can be underst>>d
qualitatively t,y n3tinfi tt,e increased sratter!nt lenpth
f~r :3u enerry electrons be!>w the fermi ]ev~l, This
all>ws electr>ns t> be c~ll?cted frsn deeper witk.i,lthe
cath>de resultinp in hi~her ●lect.r~n yield,

This ●nhancer-ent d>es n~t cme wittlsut penalty,
h~wever. First, the alkali ix!ides are dellquesrt-nt
ano care must be taken t> nalntaln them in 8
water-vap>r free envlr)nment, We kn~w that heat
sealing, CSI ph>t~cntk>drs in plastic begs fill@d with
dry nltr>pec and st>rinp ther in a dessicatjr w1lI
induce n> apparent dep?~dati>n in cath>de Rppe#ranc@
f>r as 131;F es SIX rjntt,s, :{~wever, ●xp>sure af these
cat,h>des t~ ajr nt 2P t> :f,$ rc]ntlve hu~ldi[y ftr rare
tk,an 8 few hturs impairs perf~rmance,

Sec>nc!, the tlrre r?spms* >f these cathtdms mny be
less rapic, l%e emissi>ri pr~c~ss s?ems t> hnv@ a
slawr cmp~nent at thr level af B few percent ~f the
main ?missi~n wt,ich persists for approximately 10P
pic>s*c~fids(?7), Furth@rmj~e, ●ff@ets enused hy large
photj?missive currents and the f’;nitt cath~de m8t#rial
reslstlvity may COUSe time dependent sensitivity, At
pr~s?nt, these materiels sh>w promist es useful
ph~tjemlssive catF,~d?s but cer’p shsuld h? taken t.~
carefully characterize their ●nergy and time resip~nsm
until further study answers sam~ ?f these autstanciinR
c3ncerns,

Anther class >f ●nhanced phatsemisslv? mnterlnls
based up3n gallluwars@nide ond golliurn-arscnlc-
phosphide has been rep:rtcd by @ardos et nl,(?P),
Ihese materials show qunntum efficiencies of 100 nt 2
keV x-ray energy, Of @ven gr?ater interest, is th~
linttr increase of quantun ●fficiency with x-ray
energy, Hawever, t.hes? mnterioln are very sensit iv? ta
vacum c~nt.eminants and mre generally us~d #t 1?ss than
10-1( t,rf., This greatlj limlts their prsetlcal
8PFliC.ti~fl.

PHCTOCATtlPPF ACING EFFECTS

Aging ●ffects similar ta thas? s?pn an nlknli
ladide cathodes are SIS$ prese!it an anym~tallic

surface. Photoelectric emission is e ~urface physics
effect and any change in the surface c~mpositian or
structure will appear as a change in the Secandary
electrcm yield, SOme discussion of lang term aginP is
available in the literature(25,29), but historically,
mast ph~t~cath~ded have been utilized in sealed vacuum
environments where aging effects are minimal.

Experience at the LDS Alam~s Natimal Lab3retsry,
LANL, indicates that with care, ph3t9cathodes can be
used for ●xtended peri~ds sf time in the laser fusion
experimental environment as subkilavolt., x-ray
transducers without large, >157, changes in system
calibration. ph~t.acath~de surface preparation is
impmtant ta echieve this level Sf stability, FiFur?
10 is a lsng term aging study sf micromachined aluminur
cathzdes, It shows that far this type sf surface
quantun efficiency chsnges of less than 107 are
psssible over six months exposure to sir, These
cathades are used in the LA}!L 13w energy x-ray
spectrometer at the PELIOS iaser facility. They are
used behind replaceable filter windsws and are expssed
to the laser chamber v3cuum on each shat, Petween
st!ats, the di3des ere hws~d in a Selfc>ntainec! i3n
pumped vacuum system, Several aging and use studies nt
LANL indicate that an 9bs~lute calibration af better
than *151 can be maintained Jver r~ur months in the
5perati3nal eniirsnment,

I 1 1 1 1 I I I , I
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Fig. 10. A h~fare and aft?r c~mpnrissn sf cn?hx!~
quantm ●fficiency for micrsmachll}od aiunlnum, ‘III*tw>
calibrations nre Jeparat?d by sin m~nths stx’npe in
air,

L@ss 9tring@nt mmufocturlnR and hnndllnp
prersutjans c-n have m very dcmepin~ ~ff?ct m @Fs~lutr
phzt~eath~de senaitivjty as ahwn in Fip, 11, This
b?fare snrl mftcr canprnria3n is d~acrihecl in d?tnil by
Dsy, ●t c].(?~) and includes n ane manth !JSP Sn thr
LANL GFPINI IIIaer facility during whlf.h tin,~ the



cathodes were conintually eXp3Sed to the target chamber
vacuum,
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The energy dependerlt respmse of the systerr is
determined by the energy dependent sensitivity 9f the
photacathsde canvalved with the filter window
transmissi3r3. The sensitivity of four typical channels
is shown in Fig. 12.

Fig, 12,
Channel 3
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Typical VULTIFLEY response functians.
- bare ph~tscathade plus three layers 3f !~i

mesh,
70 pg/cm2 of p31yr3pylene plus three layers
af h’imesh.

- 760fI f of Alta?inum Plus three layers sf Pi
mesh.

- 272 pP/cm2 ~imf~il plus~ ~00 A 3f alu-inur.

The risetime >f the detect~r is determined hy t~e
ph~taelectr~n fli~ht tine across the an~de-c~thxie pep:
while the decay-time is given by the decay-time >f th*
an~de-cathzde gap capacitance int3 the characteristic
impFdaOce 3f the signal line. The detectors we ~,~ve
builL ftr PULTIFLFX have a ful]-width-et-ha] f-rr?xirur ,
f%’t?’,time resp~nse sf 7! ps: which is more than arie-
quate to reasure the 1 ns x-ray pulses frm CO: i~ser
plasmas,

The data ctnsists >f s~ven oscillosc~pe trares
showing detect~r currents v?rsus ti~e, all cmran t.imd
t> f~n PS. These currents are semplt=d at lPF ps tir~
intervals and used as inputs t> a dec~nv~)uti)n c~d~
This cad? accepts the absolutely calibrated detect?
resp>nse curves, the set 3f seven det~ct~r current?,
ond iteratively m,inini?es the difference betw?~r ?!f
mssf recent Spectrm Pnd the ahs~pved currents, A
typicsl timr r?s)lvd sp~ctrp f>r P glass micr>hpll:>n
irradimtcd oy $,2 W of COi ~-ser lip~t is Sh>\T in
Fip, 1~,
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Fig. 13. Time resolved x-ray spectra fr~m a g~ld
coated nickel micr:ballson irradiated with 8.2 TM of
10.6 Um C02 laser light,
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APPENDIX

lhe Appendix consists of four majcw components: 1)
a master list ~f most references an phatsemission data
ab~ve 10 eV in alphabetical arder by authsr: 2) a table
of availalbe quantum efficiency data listed by element

m c~mp~und and incident phat~n energy; 3) a table Sf
electron energy distribution data by element and 4) a
table sf electrm and ph~tm angular distribution data
by element and angle of incidence cm emis.sim.

In the tables the reference nunbers refer to the
master reference list. In Tables I and II, the numbers
in parenthesis fsllowing the reference nunber refer to
the exciting phot~n energy in eV unless the phstsn
energy is marked in other units. In Table I, a ‘lP!’
f~llowing the reference number indicates a measurement
af primary photoelectron,quantur efficiency, and in
Table II, an asterisk, “ “ preceding a reference number
indicates an unusual br~ad-band x-ray szurce. In Table
III,the numbers in parenthesis are ~ngles in degress,
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Table I

Quantur Efficiencies

Acet3ne

AC+JAIXG

ArrfiaE

AF

he cl.

Ac?

A:

hl-t’~

Ala!.

AJ

19(8-12)

23(1.2-3,S keV)

7(1-( keV). 7P(l-f keV)

~~(f-3r), 12(1(?-62)s

kc’:), 25(4-F keV), 7

~1((-1(1), ?p(lll~?)

72(:-11), ?l~6-lc)

fi~(.

keV
keV
i?F
(?F

17(

P~(12-?5), 61
l-f keV), 7P(

u-~), 2p(30-9c keV), u5(,5-?C keV), 2?F(l.i-?. ?

-f h’;), 2FP(3rI-or keV). 20(6-lrIr kev)

, f’i;l-2UP), ;:(r.1-lfkel’), l~fC.Cl-10id’), ll(P.P1-i.c kcV), fl(Lc), ”W
7!’PrNl), 27(6-1;:. w(u-qc key’, f2(PrrP), l?( 10-1:), fF’111-!;L), (r(T-l:

;.2-?.? kev), 25(L-F kel’), ?(l-f keV), 7P(l-f keV), ?P?(?fIFP kPV), 7PP(PCP’;
E:(’), (?(lc-uI), :!(lr_fr key), FQ(~PQ, lPr, >F~, ?~~, ‘~r)

7-~1)

, 71P(P17rP)



cd

Ccs

C3

CIXSTAKTAK

CORTEX-R GLASS

Cr

Cael

CsET

Cs-c, fJ-AF

Cscl

CaF

Cs1

E’5(F-27), ?(d-l?), fl(ll-:!

52(1?-2:

. -., .-,1-..,



w

PI

KSL

K ,:t

Kr

Li Fr

LiC:

L: F

(,

,.,1

Ill,

F’d

n

10(6-22). 7@(lc.5-11), 5?(12-22)

lB(B-22), 21(120CI-900C), 7@(?-12), ?1(7-11)0 5?(l?-2?~

55(2-6)

f#.*.-;.

11 ;-l’



SrFm

h-

ho

:,

:r

Al,, ,

h’)

Au

1

r,, t’1,.li, ,,

cl!

52( 1;-2: )

19(5-12), 7R:7-11), 52(12-22)

30(2-3.5)

19( JI-P), 30(? -3.5)

73(1.6-M)

73(1.4 -?.5)

7(1-F II* V), 7P(!-K k@V)

4?(7-25), 7(106 k@V), 7P(14 k@V)

?3(7,%-2’). P(LP7), 12(10-(:), Fl(l?fm-ml’o), 7rl(RoNJ), 7FP(PPrT), f7(Prlrr),
f2P(fiCCC), 7P(10-1MI k@V)



CSI

Cs:kust

CSZTC

Cs-st

Cu

Cu I

GBAsP

G?

K

KFr

Kc]

v:

Kr

Llr:

II}

Pf

v

tm ;

I.1!

!9

11:,

11”

F!!*

l! ,

l,,J

kl :

:,

:01

;a

● . .,.,

b

it

17(u,5-1o.2), MI(14P16), 65(277), 39K477, em), YI(1u7), ?7(lil@7), 65(277), ??(lllp?),
47(7.1, 7,fJ~, 10,2, 11.6, 13.3, lP.6), 41(2-7, PM)

QP(?, e.5)

79(6.7, 6.19, 5.3@, 4.~9)

48(?.!, e.%)

10(1~-50 keV)

4C(1487), 65(?77), ?9(?--, , POUR), 3B(1M7), 37(IW?), tc(?77), 32(1MP7), ~l(?77, Pmr)

11(.BE., 1.75, 1.JIS, 2.17, 2.9P kdf)



Table 111

An@ulsr Pistribut~x

A!

Al

Au

25(15°, 35°, 115°, 60°)

67(00-900), 68(00-UOO), 6y(0°-1100), 2!.(15°, 35°, J5D,60D), P(oo-R(lO)

711(10n, b5° 600 75° 900), 66(Oc-40>), 3U(0°-f,0), 6(0°, 60°, 9fIa, lPfIO), 7\/p”, ur”,
7~’), 20(30b, 606, 9P4)

49(r)0-ueO)

31:’, Inn, zoo, @, ~p~, 5(.*, ~flo, ?po, pro, ~pn, 95”)

03(on-uoo). 6fl(oe-lloo)

P(OC-RCC’)

49(0(-WC’), 6P(O@-UO”)

uG:r’-L-(), (P([’’-uP’)


